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I. Introduction 

Indium was discovered in 1863 by F. Reich and H. Richter using the method of spectral analysis which was 

developed four years earlier. Although indium containing minerals are very abundant and their beds occur world 

over, in 1924, in 60 years after its discovery, the world’s stock of metallic indium was only 1 g. Only in the 

middle of the 20
th

 century the extraction and application of indium rapidly intensified, and indium was used 

even for gaskets of high vacuum plants. 

At the present time indium is widely used in alloys having special anti-friction properties. However, now the 

main consumer of indium is the semiconductor industry. The most important indium compounds for 

semiconductors are indium antimonide InSb, indium arsenide InAs and indium phosphide InP. The structure of 

the electron shell of the indium atom does not favor making a laser on its atomic transitions (earlier [1] 

continuous generation was reported for only one indium atom line λ = 1342.8 nm), but the generation of 

coherent radiation was obtained for 11 transitions in InII and InIII ions [2]. Furthermore, indium like other 

heavy metals is of interest for investigating the question of the appearance of heavy chemical elements in the 

Universe. Study of the optical spectra of rapidly rotating stars with peculiar chemical compositions (the roAp 

stars) showed that the content of heavy elements in their atmospheres exceeds the content of these elements in 

the atmosphere of the Sun by several orders of magnitude. For example, the content of indium in the atmosphere 

of the HD 24712 roAp star is by two orders of magnitude higher than in the atmosphere of the Sun, and in the 

atmosphere of the HD 101065 roAp star, by about four orders of magnitude [3]. It is therefore of interest to 

study the optical spectrum and atomic constants of indium. 

The fundamental data on the spectrum and the energy levels of the indium atom were obtained in [4], and later 

they were extended and corrected [5]. Further studies addressed processes in the VUV spectral region: InI 

absorption spectrum in the 32-100 nm range was first studied in [6]. More than 100 new transitions were found, 

the most intensive of which were attributed to 4d subshell electron excitation. Later [7] indium atom absorption 

spectrum in the 110-150 nm range was studied leading to the discovery of 21 InI transitions associated with the 

excitation of the 5s5p(
3
P)np states (n ≥ 6). Recently [8] forbidden InI transitions were investigated that were 

studied no one after the work [4] (since 1938). Experimental results on the excitation cross-sections of the 

indium atom were reported in two works [9, 10], the former of which dealt with the excitation of 17 InI spectral 

lines and the latter one specially addressed 
4
P level excitation. 

This work is a more detailed study of indium atom excitation using the method of extended crossing beams. 

Because this method was discussed in detail earlier in a number of works [11]–[13], it will be sufficient to 

describe in this work only the main experimental conditions specifically for indium. 

II.  Main Experimental Conditions 

To form a beam of indium atoms we placed the metal in a tantalum crucible the outer surface of which was 

heated by an electron beam to T = 1200 K. Indium had the OSCh-19-3 grade with the following main 

impurities: 1.5 × 10
-4 

% thallium, < 5 × 10
-5

 % iron, and < 2 × 10
-5 

% nickel, lead, and zinc each. At the 

abovementioned evaporation temperature the concentration of indium atoms at the atomic beam intersection 

with the electronic one was 3.7 × 10
10

 cm
-3

. The electron beam current density was within 1.0 mA/cm
2
 over the 

Abstract: Excitation of indium atom by an electron impact has been studied using the method of extended 

crossing beams with recording of the optical signal of excited atoms. 66 excitation cross-sections of InI 

spectral lines have been recorded at excitation electron energy of 30 eV. 15 optical excitation functions 

have been detected in the 0 to 200 eV electron energy range. Dependence of absolute cross-section values 

on the principal quantum number of the upper level has been obtained for 7 spectral series of InI. 

Comparison of present paper results with earlier data is given. 
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whole working energy range 0-200 eV. The spectral resolution of the optical system was approx. 0.1 nm in the 

UV region and in the visible spectral region at  < 600 nm; in the longer wave spectral region it degraded to 

approx. 0.2 nm due to the replacement of the monochromator diffraction grating, but in this spectral region all 

the InI lines studied are sufficiently far away from one another and from the InII lines. 

Most metal atoms have low-lying electron states located in the vicinity of the ground level. Specifically for the 

indium atom this is the level of the ground term 5s
2
5p 

2
P° having energy E = 2212 cm

-1
 and J = 3/2, whereas the 

ground level has J = 1/2. Our estimation show that under aforesaid experimental conditions 88% of the total 

number of atoms in the beam are at the ground level and only 12% at the 5s
2
5p 

2
P°3/2 one. The population of the 

nearest excited state 5s
2
6s 

2
S1/2 with E = 24372 cm

-1
 generated by its thermal excitation is negligible. 

The measurement error of the relative cross-section values was from 10% for low intensity lines to 2% for 

highest intensity ones. The absolute cross-section values were determined accurate to within 25%. 

III.   Results and Discussion 

About 200 excitation cross-sections were measured in the 190-850 nm range of the optical emission spectrum 

generated due to indium excitation by 30 eV electrons. More than half of these spectral lines were attributed to 

the InII spectrum [14]. 

Figure I: a, b  Optical excitation functions of InI 

  
66 excitation cross-sections of InI spectral lines were measured at exciting electron energy of 30 eV, and 15 

optical excitation functions (OEFs) were recorded in the 0-200 eV electron energy range. In one instance, there 

occurs blending of two lines the upper levels of which refer to different terms. Moreover, our equipment did not 

allow resolving the 5s
2
5p 

2
P°3/2–5s

2
nd 

2
D5/2,3/2 transition pairs at n ≥ 8 because the splitting of the nd 

2
D terms at 

n ≥ 8 becomes less than 20 cm
-1

 whereas the respective transitions shift towards the short wave region with λ < 

 

Table I: Excitation cross sections of indium atom 
 

                     

(nm) 

Transition Jlow–Jup Elow     

           

(cm-1) 

Eup   

               

(cm-1) 

Q30    

                  

(10-18 cm2) 

Qmax    

                   

(10-18 cm2) 

E(Qmax)  

            

(eV) 

OEF 

1 2 3 4 5 6 7 8 9 

216.046 5s25p 2P–5s219d 2D 1/2–3/2 0 46271 0.24 - - - 

216.290 5s25p 2P–5s218d 2D 1/2–3/2 0 46219 0.27 - - - 

216.587 5s25p 2P–5s217d 2D 1/2–3/2 0 46156 0.31 - - - 

216.953 5s25p 2P–5s216d 2D 1/2–3/2 0 46078 0.35 - - - 

217.407 5s25p 2P–5s215d 2D 1/2–3/2 0 45982 0.41 - - - 

218.007 5s25p 2P–5s214d 2D 1/2–3/2 0 45859 0.46 - - - 

218.740 5s25p 2P–5s213d 2D 1/2–3/2 0 45702 0.52 - - - 

219.741 5s25p 2P–5s212d 2D 1/2–3/2 0 45493 0.64 - - - 

220.224 5s25p 2P–5s213s 2S 1/2–1/2 0 45394 0.17 - - - 

221.114 5s25p 2P–5s211d 2D 1/2–3/2 0 45211 0.77 - - - 

221.822 5s25p 2P–5s212s 2S 1/2–1/2 0 45067 0.28 - - - 

223.070 5s25p 2P–5s210d 2D 1/2–3/2 0 44815 0.39 - - - 

224.166 5s25p 2P–5s211s 2S 1/2–1/2 0 44595 0.46 0.77 8.0 6 

225.998 5s25p 2P–5s29d 2D 1/2–3/2 0 44234 0.20 - - - 
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226.888 5s25p 2P–5s219d 2D 3/2–5/2 2212 46273 0.16 - - - 

227.156 5s25p 2P–5s218d 2D 3/2–5/2 2212 46221 0.19 - - - 

227.481 5s25p 2P–5s217d 2D 3/2–5/2 2212 46159 0.22 - - - 

227.820  

227.880 
5s25p 2P–5s210s 2S           

5s25p 2P–5s216d 2D 

1/2–1/2      

3/2–5/2 

0         

2212 

43881   

46081 
1.07 1.98  

7.7             

- 

5                  

- 

228.379 5s25p 2P–5s215d 2D 3/2–5/2 2212 45986 0.27 - - - 

229.014 5s25p 2P–5s214d 2D 3/2–5/2 2212 45865 0.32 - - - 

229.837 5s25p 2P–5s213d 2D 3/2–5/2 2212 45709 0.40 - - - 

230.934 5s25p 2P–5s212d 2D 3/2–5/2 2212 45502 0.45 - - - 

231.509 5s25p 2P–5s213s 2S 3/2–1/2 2212 45394 0.26 - - - 

232.440 5s25p 2P–5s211d 2D 3/2–5/2 2212 45221 0.34 - - - 

233.276 5s25p 2P–5s212s 2S 3/2–1/2 2212 45067 0.46 - - - 

234.019 5s25p 2P–5s29s 2S 1/2–1/2 0 42718 1.72 2.10 7.7 4 

234.592 5s25p 2P–5s210d 2D 3/2–5/2 2212 45827 0.24 - - - 

235.870 5s25p 2P–5s211s 2S 3/2–1/2 2212 44595 0.77 1.28 8.0 6 

237.814 5s25p 2P–5s29d 2D 3/2–5/2 2212 44249 0.14 - - - 

238.954 5s25p 2P–5s27d 2D 1/2–3/2 0 41836 3.35 7.97 9.0 9 

239.918 5s25p 2P–5s210s 2S 3/2–1/2 2212 43880 1.34 2.48 7.7 5 

242.259 - - - - 0.13 - - - 

242.986 

243.099 
5s25p 2P–5s28d 2D          

5s25p 2P–5s28d 2D 

3/2–5/2      

3/2–3/2 

2212     

2212 

43354  

43335 
0.54 

- - - 

246.008 5s25p 2P–5s28s 2S 1/2–1/2 0 40636 4.64 5.94 7.5 3 

246.802 5s25p 2P–5s29s 2S 3/2–1/2 2212 42718 2.96 3.61 7.7 4 

252.137 5s25p 2P–5s27d 2D 3/2–5/2 2212 41861 2.75 8.72 8.4 12 

252.299 5s25p 2P–5s27d 2D 3/2–3/2 2212 41836 1.61 3,83 9.0 9 

256.015 5s25p 2P–5s26d 2D 1/2–3/2 0 39048 39.1 39.5 35 8 

260.176 5s25p 2P–5s28s 2S 3/2–1/2 2212 40636 8.10 10.4 7.5 3 

271.027 5s25p 2P–5s26d 2D 3/2–5/2 2212 39098 14.2 33.8 8.2 11 

1 2 3 4 5 6 7 8 9 

271.394 5s25p 2P–5s26d 2D 3/2–3/2 2212 39048 9.00 9.09 35 8 

275.388 5s25p 2P–5s27s 2S 1/2–1/2 0 36301 16.4 16.7 7.3 2 

277.536 5s25p 2P–5s5p2 4P 1/2–3/2 0 36020 7.45 93.2 6.8 14 

283.690 5s25p 2P–5s5p2 4P 3/2–5/2 2212 37451 15.0 187. 7.0 15 

285.813 5s25p 2P–5s5p2 4P 1/2–1/2 0 34977 10.6 112. 6.5 13 

293.263 5s25p 2P–5s27s 2S 3/2–1/2 2212 36301 26.6 27.1 7.3 2 

295.700 5s25p 2P–5s5p2 4P 3/2–3/2 2212 36020 7.22 90.3 6.8 14 

303.936 5s25p 2P–5s25d 2D 1/2–3/2 0 32892 262. 265. 35 7 

305.114 5s25p 2P–5s5p2 4P 3/2–1/2 2212 34977 4.21 44.3 6.5 13 

325.609 5s25p 2P–5s25d 2D 3/2–5/2 2212 32915 89.4 135. 8.0 10 

325.856 5s25p 2P–5s25d 2D 3/2–3/2 2212 32892 65.5 66.2 35 7 

410.176 5s25p 2P–5s26s 2S 1/2–1/2 0 24372 114. 114. 30 1 

451.131 5s25p 2P–5s26s 2S 3/2–1/2 2212 24372 199. 199. 30 1 

(483.33 5s27p 2P–5s5p2 2P 3/2–1/2 38972 59657) 0.23 - - - 

487.837 5s26s 2S–5s211p 2P 1/2–3/2 24372 44865 0.38 - - - 

(488.136 5s26s 2S–5s211p 2P 1/2–1/2 24372 44853) 0.19 - - - 

501.837 5s26s 2S–5s210p 2P 1/2–3/2 24372 44294 0.55 - - - 

502.315 5s26s 2S–5s210p 2P 1/2–1/2 24372 44275 0.28 - - - 

525.432 5s26s 2S–5s29p 2P 1/2–3/2 24372 43399 0.86 - - - 

526.274 5s26s 2S–5s29p 2P 1/2–1/2 24372 43369 0.45 - - - 

570.991 5s26s 2S–5s28p 2P 1/2–3/2 24372 41881 1.38 - - - 

572.768 5s26s 2S–5s28p 2P 1/2–1/2 24372 41827 0.70 - - - 

(649.94 5s210p 2P–5s5p2 2P 1/2–1/2 44275 59657) 0.47 - - - 

(674.40 5s210p 2P–5s5p2 2S 3/2–1/2 44294 59118) 0.39 - - - 

684.744 5s26s 2S–5s27p 2P 1/2–3/2 24372 38972 2.24 - - - 

690.013 5s26s 2S–5s27p 2P 1/2–1/2 24372 38861 1.13 - - - 

 

250 nm. Noteworthy, an earlier study of the InI absorption spectrum [15] revealed substantial irregularities in 

the behavior of the 5s
2
5p 

2
P°1/2–5s

2
nd 

2
D3/2 spectral series. The transitions from the levels n = 8, 9 proved to be 

far less intense compared with n = 10, 11. No transition from the level n = 10 was found at all in the 5s
2
5p 

2
P°3/2–5s

2
nd 

2
D3/2 series. This redistribution of intensity between different transition branches is typical for the 

perturbed series [16]. 

Measurement results supplemented with necessary spectrometric information are summarized in Table I. This 

Table contains wavelengths , transitions, internal quantum numbers for the lower and upper levels, Jlow and Jup 

respectively, energies of the lower and upper levels, Elow and Eup, excitation cross-sections for exciting electron 

energy 30 eV Q30 and for the OEF maximum Qmax, as well as the positions of the OEF maxima E(Qmax). The 

numbers in the OEF column correspond to the OEFs numbering used in Fig. 1. The wavelengths, transitions and 

level energies are shown in accordance with [4], [5], [8]. 
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The 230.687 nm line (the 5s
2
5p 

2
P°1/2–5s

2
8d 

2
D3/2 transition) is not shown because under the present 

experimental conditions it cannot be resolved from the quite intense resonance line of singly-charged indium ion 

at λ = 230.606 nm. The four lines located in the long wave visible region at λ > 483 nm have not been ever 

detected in earlier works. These lines were classified by me using known data on indium atom energy levels 

[17], and classification results along with the precision wavelength values indium atom energy levels obtained 

on its basis are also included in Table I. 

The vast majority of the spectral lines studied in this work are due to the excitation of doublet levels in the 

allowed 5p  ns and 5p  nd single-electron transitions, and the d series extend to n = 19. Excitation cross-

sections was earlier multiply studied for various atoms as a function of the principal quantum number of upper 

level Q = f(n) (e.g., [16[, [18], [19]). 

Figure II: Q = f(n) dependence for spectral series of indium atom 

 
It was found that for unperturbed spectral series the Q = f(n) dependence is a power function of the kind 

Q = Ai × in


, 

where Ai and αi are constants having specific values for each of the series. On the contrary, for perturbed series 

the Q = f(n) dependence has substantial irregularities. Along with Q = f(n) deviation from the power function 

pattern, perturbed series may exhibit significant distortions of the OEF pattern and large changes in the 

branching character [16]. Change in the branching character for transitions from the 
2
D3/2 levels of the indium 

atoms was mentioned above, and typical examples of OEF distortions for these transitions are shown in Fig. 1 

(OEFs 7–9). 

Figure 2 shows the Q = f(n) dependence for the InI spectral lines studied in this work. The chart is plotted in 

logarithmic X and Y scales so the power function is a straight line. It can be seen that this behavior is typical for 

 both the 
2
P° series and for the n = 7–9 and 9–13 regions of the 

2
S series. The deviations from the power 

function pattern observed for the head 
2
S series lines are obviously associated with the contribution of cascade 

transitions to the population of the 5s
2
6s 

2
S1/2 level. Significant deviations from the power function pattern also 

occur in the behavior of the 
2
D series at n < 12, indicating a strong perturbation of these series in the range n = 

5–12. The Ai and αi constants were calculated for all the studied series in the regions where the behavior of Q = 

f(n) obeys the power law; these Ai and αi constants are shown in Table II. 

Table II: Ai and i values for spectral series of InI. 

6.51  -10 = 6.51  10
-10

 
Series n i Ai        

cm2 

5p 2P1/2– ns 2S1/2 7–9 8.98 6.51  -10 

– » – 9–13 6.25 1.60  -12 

5p 2P3/2– ns 2S1/2 7–9 8.76 6.54  -10 

– » – 9–13 6.56 5.27  -12 

6s 2S1/2–np 2P1/2 7–11 3.95 2.42  -15 

6s 2S1/2–np 2P3/2 7–11 3.93 4.61  -15 

5p 2P1/2– nd 2D3/2 11–19 2.14 1.31  -16 

5p 2P3/2– nd 2D5/2,3/2 12–19 2.25 1.21  -16 

5p 2P3/2– nd 2D3/2 5–7 10.93 2.79  -9 
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Similar behavior of the cross-sections and the OEF was found in the aluminum atom which is in the same 

Mendeleyev Table subgroup as indium [18]. It was noted [18] that the presence of perturbations shows itself in 

the behavior of not only atomic collision processes (cross-sections and OEF) but also in radiation ones 

(branching factors and radiative lifetimes). Radiative lifetime dependence τ = f(n) for the 
2
S and 

2
D series of the 

indium atom was studied earlier [20]. It was revealed that the sequence of the 
2
S levels of InI is not perturbed 

whereas the 
2
D3/2,5/2 sequences in the n = 5–12 range have strong perturbation. As perturbers are considered the 

5s5p
2
 
2
D autoionization states located by 2700 cm

-1
 above the first ionization threshold of indium atom [5], [15], 

[20]. 

The results of this work can be compared with earlier experimental data [9]. This comparison is presented in 

Table III based on a table borrowed from [9]. It can be seen that the OEF of the transitions from the 5s
2
6s 

2
S1/2 

and 5s
2
6d 

2
D3/2 levels significantly differ in this work and [9] by the positions of their maxima: about 30 eV in 

this work and less than 10 eV in [9]. However, it can be seen from Fig. 1 (OEF 1 and 8 respectively) that these 

OEFs have two maxima each, of which the one nearer to the excitation threshold dominates in earlier data [9] 

and the farther one dominates in this work. In all the other cases the OEFs maxima as observed in  [9] are 

located by 0.2-1.4 eV closer to the excitation threshold compared with this work and have greater relative 

magnitudes than at E = 100 and 200 eV compared with the present paper results. This behavior can be attributed 

to the effect of the space electron charge on beam shape and electron energy distribution. This factor was not 

taken into account earlier [9] but in our experiments we studied it in detail and took special measures to 

minimize its influence, the efficiency of these measures being discussed elsewhere [12]. The electron beam 

current density used in [9] was five times the one used in this work, and the concentration of atoms in the beam 

was 2.4-5.4 times greater. However, the latter factor is no way sufficient for compensation the negative space 

charge of the electron beam with a positive ion space charge because ion formation rate is quite low at electron 

energies of 10-15 eV. 

Interestingly, if branching occurs the OEF patterns for different transitions from the same upper level according 

to the data of [9] differ significantly although in accordance with the current theory the OEFs for all the 

transitions from the same upper level should be identical. In Table III the Q1/Q2 lines contain ratios of excitation 

cross-sections for transitions from the same upper level as per the data published in [9]. It can be seen that the 

Q451.1/Q410.1 ratio grows monotonically with electron energy increase up to 300 eV, and at this energy it is 1.91 

times larger than for the OEF maximum. On the contrary, the Q293.2/Q275.3 ratio is at 300 eV 1.42 times smaller 

than at the OEF maximum. The same is true for the displaced term 5s5p
2
 
4
P: its Q285.8/Q305.1 ratio is at 300 eV 

1.55 times smaller than at the OEF maximum, while the Q277.5/Q295.7 ratio is 1.49 times greater than at the OEF 

maximum (cross-sections for these transitions were not measured in [9] at E > 100 eV). It is hard to propose any 

reasonable explanation of these effects. 

Table III: Comparison of results obtained with data of [9] 
      (nm) Upper Jlow–Jup E(Qmax) (eV) Qmax (10-18 cm2) Q100 Q200 Q300 

 level  [P. p.] [9] [P. p.] [9]  [9]  

410.176 5s26s 2S 1/2–1/2 30 6.1 114. 69. 29.5 19.3 14.5 

451.131 – » – 3/2–1/2 30 6.3 199. 172. 102. 81.5 69. 
Q451.1/ Q410.1     1.75 2.49 3.46 4.22 4.76 

275.388 5s27s 2S 1/2–1/2 7.3 6.5 16.7 7.5 2.8 1.8 1.5 

293.263 – » – 3/2–1/2 7.3 6.3 27.1 15.6 4.7 3.1 2.2 
Q293.2/ Q275.3     1.62 2.08 1.68 1.72 1.46 

246.008 5s28s 2S 1/2–1/2 7.5 6.3 5.94 3.4 1.3 0.9 0.7 

260.176 – » – 3/2–1/2 7.5 6.5 10.4 6.4 1.9 1.3 - 
Q260.1/ Q246.0     1.75 1.88 1.46 1.44 - 

303.936 5s25d 2D 1/2–3/2 35 20–35 265. 83.3 61.7 42.5 32.6 

256.015 5s26d 2D 1/2–3/2 35 8.8 39.5 9.2 5.1 3.5 2.6 
238.954 5s27d 2D 1/2–3/2 9.0 8.8 7.97 3.7 1.7 1.3 0.9 

325.609        

325.856 

5s25d 2D                   

– » – 

3/2–5/2                 

3/2–3/2 

8.0                            

35 
7.1 

135.                              

66.2 
55.0 

22.4 15.0 12.2 

271.027        

271.394 

5s26d 2D                   

– » – 

3/2–5/2                 

3/2–3/2 

8.2                            

35 
7.7 

33.8                              

9.09 
8.5 

1.9 1.3 1.0 

252.137        
252.299 

5s27d 2D                   
– » – 

3/2–5/2                 
3/2–3/2 

8.4                            
9.0 

7.0 
8.73                              
3.83 

2.6 
0.6 0.4 0.3 

285.813 5s5p2 4P 1/2–1/2 6.5 5.4 112. 31.6 0.9 - - 

305.114 – » – 3/2–1/2 6.5 5.4 44.3 15.9 0.7 - - 
Q285.8/ Q305.1     2.53 1.99 1.28 - - 

277.536 5s5p2 4P 1/2–3/2 6.8 5.6 93.2 33.2 1.0 - - 

295.700 – » – 3/2–3/2 6.8 5.7 90.3 35. 0.7 - - 
Q277.5/ Q295.7     1.03 0.95 1.42 - - 

283.690 5s5p2 4P 3/2–5/2 7.0 5.7 187. 46.5 0.6 - - 

 

For all the transitions studied the absolute values of the excitation cross-sections measured in this work are 

greater compared with earlier data [9]. The difference ranges from 1.35 times for the λ = 451.131 nm line 

(taking into account the difference in the OEF pattern, the Q30 values were taken) to 5.04 times for the λ = 
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271.027/394 (the Qmax were taken). This difference in the scale of the cross-sections can be largely caused by 

the specific features of the radiotechnical method used for measuring indium atom concentrations in the beam 

earlier [9]. 

The excitation cross-section of the 5s
2
6s 

2
S1/2 level of the indium atom was calculated theoretically [21] using 

three approximations: the Born approximation, the approximation of the strong bond of the n
2
P–(n + 1)

2
S states, 

and the approximation of the strong bond of the n
2
P–(n + 1)

2
S–(n + 1)

2
P states. As is noted in [21], the 

experimental data of [9] prove to be lower than the calculation results for each of the approximations. 

Meanwhile, the difference between our results and the theoretical data at 30 eV electron energy is smaller than 

the differences between the results of various approximations. As the calculations [21] were only made for 

energies E < 1 Ry, theoretical cross-section values for E = 30 eV were determined by graphical extrapolation 

(the use of the Bethe formula is only justified for the Born approximation and for greater energy region). Our 

experimental data on cross-sections take into account the contribution of the cascade population of the 5s
2
6s 

2
S1/2 level by transitions from the 5s

2
np 

2
P°1/2,3/2 as per data presented in Table II, and for head lines with n = 6, 

Q30 were determined by extrapolation the Q = f(n) function in Fig. 2. The total cross-section of the cascade 

transition was ΣQ`30 = 14.8 × 10
-18

 cm
2
, and therefore for the 5s

2
6s 

2
S1/2 level we have q30 = 298 × 10

-18
 cm

2
. 

 

IV.   Conclusions 

Electron impact excitation of low-lying levels of indium atom (n ≤ 13 for 
2
S levels and n ≤ 19 for 

2
D ones) was 

studied in detail. Excitation cross-sections as a function of the principal quantum number of upper level proves 

to be significantly perturbed for 
2
D series at n ≤ 12 which is in agreement with the results obtained earlier for 

these series in a study of radiation lifetimes for the 
2
D3/2,5/2 levels. Comparison of our data with earlier 

experimental results [9] revealed systematic differences in the positions of the OEF maxima (average ΔE ≈ 1 

eV); the absolute values of the cross-sections obtained in this work were 1.3-5.0 times greater than ones 

obtained in preceding paper [9]. In the meantime, the excitation cross-section for the 5s
2
6s 

2
S1/2 level agrees well 

with earlier theoretical results [21]. 
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